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Abstract

Objective: To describe demographic, clinical, and radiographic features of

tumefactive demyelination (TD) and identify factors associated with severe

attacks and poor outcomes. Methods: Retrospective review of TD cases seen at

Mayo Clinic, 1990–2021. Results: Of 257 patients with TD, 183/257 (71%) ful-

filled the 2017 multiple sclerosis (MS) McDonald criteria at the last follow-up,

12/257 (5%) had myelin oligodendrocyte glycoprotein antibody-associated dis-

ease (MOGAD), 0 had aquaporin-4-IgG seropositive neuromyelitis optic spec-

trum disorders (AQP4+ NMOSD), and 62/257 (24%) were cryptogenic. Onset

before age 18 was present in 18/257 (7%). Female to male ratio was 1.3:1. Cere-

brospinal fluid oligoclonal (CSF) bands were present in 95/153 (62%). TD was

the first demyelinating attack in 176/257 (69%). At presentation, 59/126 (47%)

fulfilled Barkhof criteria for dissemination in space, 59/100 (59%) had apparent

diffusion coefficient (ADC) restriction, and 57/126 (45%) had mass effect.

Despite aggressive clinical presentation at onset, 181/257 (70%) of patients

remained fully ambulatory (Expanded Disability Status Scale [EDSS] ≤4) after a
3.0-year median follow-up duration. Severe initial attack-related disability

(EDSS ≥4) was more common in patients with motor symptoms (81/143 vs.

35/106, p < 0.0001), encephalopathy (20/143 vs. 2/106, p < 0.0001) and ADC

restriction on initial MRI (42/63 vs. 15/33, p = 0.04). Poor long-term outcome

(EDSS ≥4) was more common in patients with older onset age (41.9 � 15 vs.

36.8 � 15.6, p = 0.02) and motor symptoms at onset (49/76 vs. 66/171,

p < 0.0001). Interpretation: Most TD patients should be considered part of the

MS spectrum after excluding MOGAD and NMOSD. Motor symptoms and

older age at presentation portend a poor outcome.

Introduction

The term “tumefactive demyelination” (TD) was first

coined in 1979 by van der Velden et al., when they encoun-

tered a patient with a TD lesion (TDL) on unenhanced

head computerized tomography (CT) in which biopsy was

consistent with multiple sclerosis (MS).1 Since then, the

nomenclature of TD has been varied in the literature and

included terms such as pseudotumoral demyelinating

lesions, tumefactive or tumorlike MS (TMS), and tumor-

like demyelinating lesions.2 The adjusted incidence of TD is

0.56 per 100,000, and it occurs in 1.9% of the MS

population.3 Although TD lesions (TDL) are most com-

monly associated with MS, they can be seen in other

inflammatory conditions such as myelin oligodendrocyte

glycoprotein antibody-associated disease (MOGAD),

aquaporin-4-IgG seropositive neuromyelitis optic spectrum

disorders (AQP4+ NMOSD), and acute demyelinating

1544 ª 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0001-5653-5600
https://orcid.org/0000-0001-5653-5600
https://orcid.org/0000-0001-5653-5600
https://orcid.org/0000-0001-5070-1196
https://orcid.org/0000-0001-5070-1196
https://orcid.org/0000-0001-5070-1196
https://orcid.org/0000-0002-8141-2394
https://orcid.org/0000-0002-8141-2394
https://orcid.org/0000-0002-8141-2394
http://creativecommons.org/licenses/by-nc-nd/4.0/


encephalomyelitis (ADEM).4–6 In addition, there is clinical

evidence that Balo concentric sclerosis (BCS) and Marburg

disease commonly occur as tumefactive variants of MS.7,8

These terms have been often used interchangeably,

highlighting the diagnostic challenge, elusive pathophysiol-

ogy, and overlapping features of these entities. The detec-

tion of TDL frequently leads to a diagnostic dilemma,

particularly in patients without previously known underly-

ing demyelinating disease.9 Our group has previously

shown that histopathology was initially misinterpreted as a

non-demyelinating etiology in 31% of biopsy-proven MS.10

Consequently, misdiagnosis can lead to morbidity from

brain biopsy and other procedures, delaying appropriate

treatment and potentially worsening the clinical outcome.

This study aims to describe the demographic, clinical, and

radiological features of tumefactive demyelination and

identify prognostic features to aid in the acute treatment of

these conditions.

Methods

Study design and case ascertainment

The study conforms with the WMA Declaration of Hel-

sinki. Patients or their authorized representatives pro-

vided informed written consent for using their medical

information. We identified patients by searching medical

records from January 1990 to December 2021 for all

potentially relevant diagnostic codes using the Mayo

Clinic Advanced Cohort Explorer (ACE) Tool. ACE is a

clinical data extraction tool that queries multiple sources

of patient information such as patient demographics,

diagnosis, hospital notes, laboratory reports, flowsheets,

radiology reports, and clinical notes. Study subjects were

identified by using diagnostic codes related to multiple

sclerosis, demyelination, transverse myelitis and optic

neuritis, and searching within the free text of clinical

notes and radiology reports for terms related to tumefac-

tive multiple sclerosis, Balo concentric sclerosis, Marburg

disease and Schilder disease. Over 700 patients were

reviewed and patients with the final diagnosis of vasculi-

tis, abscess or different type of CNS malignancies were

excluded. Patients were included if they had a clinical his-

tory comprising a demyelinating event along with a cere-

bral magnetic resonance imaging (MRI) showing one or

more large demyelinating plaques (minimum transverse

diameter of ≥10 mm).

Baseline demographic and clinical data

For each enrolled patient, the following baseline data were

collected: (i) sex; (ii) age at onset of index attack (attack

leading to the first tumefactive lesion); (iii) comorbidities;

(iv) the clinical presentation at onset according to patient

clinical records, by verifying involvement of motor, sensi-

tive, cerebellar, brainstem, visual, sphincter and functional

cognitive systems; (v) acute treatments (i.e., high-dose

steroids, plasma exchange [PLEX], intravenous immuno-

globulin[IVIGs]); (vi) Expanded Disability Status Scale

(EDSS) at the index attack11; and (vii) diagnosis at dis-

charge based on the most recent criteria.12–15 Patients

who presented with TDL and did not meet the criteria

for MS, MOGAD, or AQP4 positive NMOSD were classi-

fied as TD. TD includes clinically isolated syndrome

(CIS), radiologically isolated syndrome (RIS), and ADEM.

Pediatric onset tumefactive disease (POTD) was defined

as the first tumefactive attack before 18 years of age.

Baseline MRI data

Neuroimaging features were reviewed regarding (i) lesion

location; (ii) lesion size; (iii) lesion number on fluid-

attenuated inversion recovery (FLAIR) images; (iv) number

of gadolinium (Gd)-enhancing lesions; (v) mass effect; (vi)

contrast enhancement pattern; (vii) apparent diffusion

coefficient (ADC) pattern; (viii) T2-hypointense rim; (ix)

T1- hypointensity; and (x) fulfillment of Barkhof criteria.16

Baseline CSF and biomarkers data

Data related to cerebrospinal fluid (CSF) analysis (bio-

chemical analysis, cell count, isoelectrofocusing for immu-

noglobulin G oligoclonal bands [OCBs] detection) were

collected. In a subset of cases, serum was tested for MOG

antibodies by live cell-based assay.13 Serum in these cases

was also tested for aquaporin-4 (AQP-4) antibody by live

cell-based assay, inactivated cell-based assay, ELISA, or

tissue immunofluorescence as previously.17

Follow-up characteristics

For each patient, we collected the length of follow-up and

characteristics including (i) The last available EDSS score.

(ii) Disease-modifying therapies (DMTs) that were

started, continued, or modified over the follow-up period.

DMTs were categorized into: (a) mild/moderate efficacy

DMTs, including interferon-b (all formulations), and gla-

tiramer acetate (all formulations), dimethyl fumarate, teri-

flunomide; or (ii) high-efficacy DMTs, including

natalizumab, fingolimod, alemtuzumab and CD20 mono-

clonal antibody treatments (Ocrelizumab, Rituximab).

Statistical analysis

Continuous variables were reported as median, range, and

interquartile range (IQR), whereas categorical variables
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were reported as numbers and percentages. The Kruskal-

Wallis and Mann–Whitney tests were performed to test

the difference between median values and the chi-square

and Fisher exact tests were used to test the difference in

the distribution of categoric variables. Chi-square and

Kruskal-Wallis were performed to test for an association

between baseline characteristics and attack severity and

risk of reaching an EDSS score ≥4 at the last follow-up.

For all tests, significance was set at p < 0.05. The most

recent EDSS was used to compare the Olmsted County

MS cohort population with our cohort.

Results

Demographic and Clinical Characteristics

We included 257 patients with TDL (Table 1). The

female: male ratio was 1.3:1. A tumefactive lesion was the

first clinical attack in 176/257 (69%). Some data from 75

of these patients were included in a prior publication

from our group.10 The most common clinical presenta-

tion at onset was motor dysfunction (119/257, 46%), fol-

lowed by sensory dysfunction (95/257, 37%), cerebellar

dysfunction (43/257, 17%), and visual field loss (23/257,

14%) (Fig. 1). Prior to the index attack, prodromal symp-

toms, such as malaise and headache, were present in 66/

257 (26%) patients. In contrast to typical MS attacks, the

duration of the clinical attack relating to the tumefactive

lesion was prolonged (>12 weeks) in over a third of

patients (37%). One in five patients was suspected to

have a malignancy at their initial presentation. Brain

biopsy was performed in 77/257 (30%), which was consis-

tent with TD in all cases.

Treatment and outcome are summarized in Table 2.

Patients were followed for a median of 3 years (range: 0–
28.9). At the last follow-up, 183/257 (71%) fulfilled the

McDonald criteria for MS, 12/257 (5%) were diagnosed

as MOGAD, and 62/257 (24%) did not meet the criteria

for MS, MOGAD, or NMOSD. The median (range) EDSS

score at index attack was 4 (0–9.5). At the last follow-up,

the median (range) EDSS score was 2.5 (0–10) and 26/

257 (10%) had died. The course of the disease was relaps-

ing remitting (RR) in 169/257 (66%), secondary progres-

sive (SP) 19/257 (7%), primary progressive (PP) in 2/257

(0.8%), and monophasic in 62/257 (24%). In patients for

whom sufficient data were available, 46/124 (37%) had

recurrent tumefactive disease. Out of 19 patients with a

SP course, 11/19 (58%) evolved into the progressive phase

Characteristic

All TD

(n = 257)

TMS

(n = 183) TD (n = 62)

MOGAD

(n = 12)

Female 147 (57%) 101 (55%) 39 (63%) 7 (58%)

White race 205 (89%) 146 (90%) 52 (91%) 7 (64%)

Mean age at index attack � SD 38.5 � 15.39 37.3 � 13.98 45.5 � 15.74 20.2 � 15.55

Prodromal symptoms

None 191 (74%) 140 (76%) 49 (79.0%) 2 (17%)

Fever 20 (8%) 9 (5%) 5 (8%) 6 (50.0%)

Malaise 13 (5%) 5 (3%) 3 (5%) 5 (42%)

Headache 47 (18%) 33 (18.0%) 8 (13%) 6 (50.0%)

Recent vaccination 3 (1%) 1 (0.5%) 1 (2%) 1 (8%)

Pregnancy 2 (1%) 2 (1%) 0 (0.0%) 0 (0.0%)

Index attack as a first

demyelinating attack

176 (69%) 109 (60%) 57 (93%) 10 (83%)

Initial diagnosis

Inflammatory demyelination 182 (70%) 136 (74%) 37 (60%) 9 (75%)

Malignancy 54 (21%) 35 (19%) 18 (29%) 1 (8%)

Vasculitis 8 (3%) 7 (4%) 1 (1%) 0 (0%)

Infection 13 (5%) 5 (3%) 6 (9.5%) 2 (16%)

History of pre-existing

autoimmune disorder

20 (8%) 16 (9.5%) 2 (3%) 2 (18%)

Duration of index attack

<2 weeks 24 (13%) 18 (13%) 4 (9%) 2 (29%)

2–6 weeks 54 (29%) 43 (31%) 8 (18%) 3 (43%)

6–12 weeks 40 (21%) 31 (23%) 9 (20%) 0 (0.0%)

>12 weeks 69 (37%) 44 (32%) 23 (52%) 2 (29%)

MOGAD, myelin oligodendrocytes glycoprotein antibody-associated disease; N, number; SD, stan-

dard deviation; TD, tumefactive demyelination; TMS, tumefactive multiple sclerosis.

Table 1. Overall characteristics of patients

with tumefactive demyelination.
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in less than 5 years and 8/19 (42%) in more than 5 years

of follow-up. One of the PP cases was a 34-year-old

female who presented with a seizure and a tumefactive

lesion in the temporal lobe, with subsequent progressive

clinical course. Another PP case was a 60-year-old male

who presented with right progressive hemiparesis and

Figure 1. Frequency of clinical presentation at the index attack. In the TD and TMS groups, motor and sensory symptoms were the most

common presentation followed by aphasia and cerebellar symptoms. In the MOGAD group, optic neuritis and visual field loss were the most

common presentation followed by myelitis and encephalopathy.

Table 2. Clinical and CSF findings of patients with tumefactive demyelination.

Characteristic All TD (n = 257) TMS (n = 183) TD (n = 62) MOGAD (n = 12)

Median (range) duration of follow-up, years 3.0 (0–28.9) 3.4 (0–28.9) 2.2 (0.1–28.7) 2.8 (0.1–10.1)

Median EDSS at index attack (range) 4 (0–9.5) 4 (0–9.5) 4 (0–9) 4.5 (0–9)

Median (range) EDSS at the last follow-up 2.5 (0–10) 2.5 (0–10) 3 (0–10) 1 (0–10)

CSF findings (n = 153)

Elevated protein, No (%) 71 (46%) 50 (48%) 15 (37%) 6 (60%)

Elevated cell count, No (%) 52 (34%) 36 (35%) 9 (22%) 7 (78%)

Positive oligoclonal band, No (%) 95 (62%) 76 (62%) 18 (42%) 1 (9%)

Presence of MOG-IgG, No (%) 14 (5%) 1 (0.5%) 1 (1%) 12 (100%)

Index attack treatment

No treatment 41 (16%) 31 (17%) 9 (14%) 1 (8%)

Corticosteroid 210 (82%) 149 (81%) 51 (82%) 10 (83%)

PLEX 55 (21%) 39 (21%) 14 (22%) 2 (17%)

Cyclophosphamide 14 (5%) 11 (6%) 3 (5%) 0 (0.0%)

Mitoxantrone 6 (2%) 4 (2%) 1 (1%) 1 (8%)

IVIG 11 (4%) 5 (3%) 3 (5%) 3 (25%)

Disease-modifying therapy

Mild/moderate efficacy DMTs 113 (44.0%) 107 (58%) 5 (8%) 1 (8%)

High-efficacy DMTs 56 (22%) 45 (24%) 9 (14%) 2 (17%)

Mild/moderate efficacy DMTs: interferon-b (all formulations), and glatiramer acetate (all formulations), dimethyl fumarate, teriflunomide. High-

efficacy DMTs: natalizumab, fingolimod, alemtuzumab and CD20 monoclonal antibody treatments (Ocrelizumab, Rituximab).

DMT, disease-modifying therapy; MOGAD, myelin oligodendrocytes glycoprotein antibody-associated disease; N, number; PLEX, plasma exchange;

SD, standard deviation; TD, tumefactive demyelination; TMS, tumefactive multiple sclerosis.
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tumefactive lesion in the left parietal lobe with enhance-

ment on brain MRI. A brain biopsy was performed, and

pathology was interpreted as demyelination. Follow-up

MRI 2 months later showed an increase in the mass size

and surgical resection was performed, with pathology

again being consistent with demyelination.

CSF findings

CSF analysis was performed on 153/257 (59%) patients.

CSF Protein was >45 mg/dl in 71/153 (46%), nucleated

cell count was >5 cells per mm3 in 52/153 (34%). Two or

more CSF unique oligoclonal bands (OCBs) were demon-

strated in 95/153 (62%) patients. Serum AQP4-IgG was

tested in 106/153 (69%) patients with no positive result

and MOG-IgG in 63/153 (41%) patients with 14/63

(22%) positive results (Table 2).

Pediatric onset tumefactive demyelination
(POTD)

Table 3 summarizes the clinical and imaging features of

POTD patients. And 18/257 (7%) patients presented with

TDL before the age of 18 years. The mean age at onset

was 9.3 � 5.7 years. Prodromal symptoms were present

on 11/18 (61%). The tumefactive lesion was the first

demyelinating event in 16/18 (89%). In 9/18 (50%) the

onset was polysymptomatic. At the index attack, the most

common presentation was motor symptoms 7/18 (39%),

followed by sensory dysfunction 5/18 (28%), encephalop-

athy 5/18 (28%), and cerebellar dysfunction 4/18 (22%).

The median duration of follow-up was 3.4 years (range:

0.1–28.7). The median (range) EDSS at the index attack

was 4 (0–9) and improved to 0 (0–10) at the last follow-

up. And 10/18 (56%) were diagnosed as MS, 6/18 (33%)

had MOGAD and 2/18 (11%) had TD. CSF analysis

showed elevated protein in 5/15 (33%), elevated cell

count in 7/15 (47%), and positive OCBs in 3/15 (20%).

The duration of the index attack and the time to the first

sign of improvement were less than 2 weeks on 7/14

(50%) and 10/14 (71%), respectively. And 14/18 (78%)

were initially commenced on high-dose corticosteroid. 6/

18 (33%) were treated with second-line treatments such

as PLEX, IVIG, and mitoxantrone.

Neuroimaging

Good-quality initial MRI imaging was available in 126

patients. The remainder were identified by radiology

report and/or pathology report, when the initial MRI was

of insufficient quality or not available. All subjects had at

least one MRI to review. A solitary TDL was present in

56/126 (44%), BCS in 21/126 (17%), and multiple tume-

factive lesions in 49/126 (39%) (Table 4, Fig. 2). Lesions

Table 3. Demographic, clinical and neuroimaging features of patients with pediatric-onset tumefactive demyelination (n = 18).

Characteristic All TD (n = 18) TMS (n = 10) TD (n = 2) MOGAD (n = 6)

Female 9 (50%) 6 (60%) 0 (0.0%) 3 (50%)

White race 11 (69%) 5 (56%) 2 (100%) 4 (80%)

Mean age at index attack � SD 9.3 � 5.6 9.6 � 6.4 14.4 � 4.8 7.2 � 3.7

Prodromal symptoms 11 (61%) 5 (56%) 2 (100%) 4 (80%)

Median (range) of follow-up, years 3.4 (0.1–28.7) 3.4 (0.4–12.8) 14.6 (0.5–28.7) 3.6 (0.1–10.1)

Median EDSS at index attack � SD 4 (0–9) 4 (2.5–6) 5 (4–6.5) 4.5 (0–9)

Median EDSS at the last follow-up 0 (0–10) 1 (0–7) 2.5 (0–5) 0 (0–10)

Index attack as a first demyelinating attack Yes (%) 16 (89%) 8 (80%) 2 (100%) 6 (100%)

CSF findings

Elevated protein 5 (33%) 2 (22%) 1 (100%) 2 (40%)

Elevated cell count 7 (47%) 3 (33%) 0 (0.0%) 4 (80%)

Positive oligoclonal band 3 (20%) 2 (22%) 1 (100%) 0 (0.0%)

Presence of MOG-IgG 4 (33%) 1 (14%) 0 (0.0%) 3 (75%)

Focus of index lesion

Frontal 1 (8%) 0 (0.0%) 0 (0.0%) 1 (20%)

Parietal 3 (25%) 2 (33%) 1 (100%) 0 (0.0%)

Occipital 1 (8%) 1 (17%) 0 (0.0%) 0 (0.0%)

Cerebellum 4 (33%) 2 (33%) 0 (0.0%) 2 (40%)

Brainstem 2 (17%)

Barkhof criteria fulfilled 7 (64%) 3 (60%) 1 (100%) 3 (60%)

Presence of ADC restriction 3 (30%) 3 (60%) 0 (0%) 0 (0%)

ADC, apparent diffusion coefficient; EDSS, Expanded Disability Status Scale; MOGAD, myelin oligodendrocytes glycoprotein antibody-associated

disease; N, number; TD, tumefactive demyelination; TMS, tumefactive multiple sclerosis.
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were mainly located in the frontal lobe 54/126 (43%), fol-

lowed by parietal 39/126 (31%), occipital 15/126 (12%),

temporal lobes 12/126 (9%), cerebellum 9/126 (7%), and

brainstem 7/126 (5%). At the initial presentation, 59/126

(47%) patients met the Barkhof criteria for dissemination

in space. “Butterfly lesions,” bihemispheric lesions cross-

ing the corpus callosum, were present in 9/126 (7%)

(Fig. 2a-c). A hypointense T2W rim was observed in 30/

126 (24%) patients. T1 hypointensity in the acute lesion

was seen in 106/126 (84%) patients. ADC imaging was

available in 100 patients. ADC restriction was seen in 59/

100 (59%). Post-gadolinium enhancement was present in

106/126 (84%) TDL, with central enhancement in 30/126

(24%), incomplete open-ring enhancement in 26/126

(21%), heterogeneous pattern in 47/126 (37%), and con-

centric ring enhancement in 8/126 (6%).

Acute phase treatments

Treatments included corticosteroids (210/257, 82%)

plasma exchange (PLEX) (55/257, 21%) and IVIG (11/

257, 4%). Patients who did not respond to corticosteroids

or PLEX were treated with cyclophosphamide 14/257

(5%) or mitoxantrone 6/257 (2%), as described in our

previous report (Table 2).18

Disease-modifying therapies

Disease-modifying therapies (DMTs) were initiated in

124/257 (48%) after index attack. Mild to moderate effi-

cacy DMTs were prescribed in 113/257 (44%), while 56/

257 (22%) were treated with high efficacy therapies. 11/

257 (4%) were on treatment with DMTs at the time of

the index attack.

Characteristics associated with severe
attacks and long-term outcome

Severe deficit at the initial attack (EDSS ≥4) was more

common in patients with motor symptoms at onset (81/

143 [57%] vs. 35/106 [33%], p < 0.0001), encephalopathy

(20/143 [14%] vs. 2/106 [2%], p < 0.0001), multiple TD

lesions compared with solitary or Balo lesions (35/75

[47%] vs. 12/46 [26%], p = 0.04), and ADC restriction

on the initial brain MRI (42/63 vs. 15/33, p = 0.04).

Poor long-term outcome (EDSS ≥4 at last follow-up)

was more common in patients with an older age of onset

(41.9 � 15 vs. 36.8 � 15.6, p = 0.02), and in patients

with motor symptoms at onset (49/76 vs. 66/171,

p < 0.0001). Treatment with high-efficacy DMTs was

associated with better motor outcomes (EDSS <4) (24/76

Table 4. Radiological characteristics of initial MRI imaging in patients with tumefactive demyelination.

Characteristics All TD TMS TD MOGAD p value1

Solitary lesion 56 (44%) 33 (42%) 20 (56%) 3 (27%) 0.06

Balo lesion 21 (17%) 17 (21%) 4 (11%) 0 (0%)

Multiple tumefactive lesion 49 (39%) 29 (37%) 12 (33%) 8 (73%)

Butterfly lesion 9 (7%) 3 (4%) 4 (11%) 2 (20%) 0.1

Mean index lesion size � SD (mm) 20.3 � 7.0 20.0 � 6.8 21.4 � 8 19.2 � 5.7 0.7

Focus of index lesion

Frontal 54 (42%) 37 (47%) 16 (43%) 1 (9%) 0.06

Parietal 39 (31%) 27 (34%) 11 (30%) 1 (9%) 0.2

Temporal 12 (9%) 5 (6%) 4 (11%) 3 (27%) 0.08

Occipital 15 (12%) 8 (10%) 6 (16%) 1 (9%) 0.6

Cerebellum 9 (7%) 6 (8%) 1 (3%) 2 (18%) 0.2

Brainstem 7 (5%) 4 (5%) 1 (3%) 2 (18%) 0.1

Mass effect 0.5

None 68 (54%) 44 (56%) 16 (43%) 8 (80%)

Mild 43 (34%) 25 (32%) 16 (43%) 2 (20%)

Moderate 13 (10%) 8 (10%) 5 (13%) 0 (0%)

Severe 1 (1%) 1 (1%) 0 (0%) 0 (0%)

Number of enhancing lesions � SD 2.9 � 3.8 3.3 � 4.1 2.4 � 3.2 1.7 � 2.5 0.13

Number of FLAIR lesion � SD 4.7 � 3.3 5.1 � 3.6 3.4 � 2.5 5.6 � 2.34 0.01

Fulfillment of Barkhof criteria 59 (48%) 41 (53%) 13 (35%) 5 (50%) 0.2

T2 hypointense rim 30 (24%) 8 (22%) 20 (26%) 2 (20%) 0.87

T1 hypointensity 106 (88%) 68 (89%) 31 (89%) 7 (70%) 0.2

ADC restriction 59 (59%) 38 (59%) 19 (68%) 2 (25%) 0.09

ADC, apparent diffusion coefficient; FLAIR, Fluid-attenuated inversion recovery; MOGAD, myelin oligodendrocytes glycoprotein antibody-

associated disease; N, number; TD, tumefactive demyelination; TMS, tumefactive multiple sclerosis.
1Chi-Square p-value and Kruskal-Wallis between TMS, TD and MOGAD groups.
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[32%] vs. 30/171 [17%], p = 0.01). No patient with

tumefactive MOGAD had an EDSS ≥4 at last follow up.

Other characteristics evaluated were not significantly asso-

ciated with either severe attacks or worse long-term out-

comes (Table 5).

Comparison with a population-based MS
cohort

Data from the clinic-based cohort were compared with a

previously published population-based cohort of patients

from Olmsted County, MN, USA.19,20 The population-

based cohort included 297 patients with MS and an aver-

age follow-up of 19 years. EDSS scores were compared

between groups and binned according to follow-up

duration of 5 years or less and more than 5 years

(Fig. 3). In patients with 5 or fewer years follow up, there

were no significant differences between EDSS in the Olm-

sted County cohort (median 2.8) versus TMS (median

2.8, p = 0.9), TD (median 3, p = 0.2), and MOGAD

(median 2.5, p = 0.6). In cases with more than 5 years of

follow-up, there were no significant differences between

the Olmsted County cohort (median 3) versus TMS

(median 2.5, p = 0.08) and TD (median 2, p = 0.07). The

median (range) EDSS was significantly lower in MOGAD

group compared to the Olmsted County cohort (0 versus

3, p = 0.008). In addition, when TMS and TD were com-

bined into one group, the median EDSS was lower in

TMS/TD group when compared to the Olmsted County

MS cohort (2.5 vs. 3, p = 0.02).

Figure 2. Examples of tumefactive brain lesions. A 35-year-old male presented with seizure and visual field loss (A1–A3). Brain MRI axial FLAIR

demonstrates a large heterogeneous left hemisphere lesion with extensive edema and prominent involvement of the corpus callosum (A1) with

heterogenous contrast enhancement on axial- T1 post-contrast MRI (A2). Apparent diffusion coefficient (ADC) indicated mild diffusion restriction,

predominantly along the margin of the T2 hyperintensity in the frontal and parietal lobes (A3). (B) A 38-year-old female presented with aphasia

(B1–B3). MRI brain axial FLAIR sequence indicates concentric rings with severe edema (B1) and irregular rim enhancement in the left frontal lobe

on axial-T1-post contrast (B2). No associated restriction on ADC sequence (B3). (C) A 61- year-old male with SPMS presented with cognitive

decline developed multiple tumefactive lesions on brain MRI axial FLAIR images in frontal lobe and temporal lobe (C1) with complete and

incomplete ring enhancement on axial T1-post contrast images (C2) and peripheral ADC restriction (C3). (D) A 40-year-old female presented with

veered feeling in her arm and accidentally found to have a tumefactive lesion in the frontal lobe on brain MRI axial FLAIR images (D1) with

minimal enhancement on axial T1-post contrast image (D2) and no associated restricted diffusion (D3). (E) A 22-year-old male developed

weakness in his legs following mononucleosis. Patchy area of increased signal on brain MRI axial and FLAIR images in both cerebral hemispheres

(E1) with minimal heterogenous enhancement (E2) and no associated restricted diffusion (E3). (F) A 13- year-old female presented with difficulty

walking and multiple tumefactive lesion. Brain MRI FLAIR demonstrates a large tumefactive T2-hyperintense lesion in the temporal and occipital

lobes (F1) with an incomplete ring enhancement on axial T1-post contrast image (F2) and a peripheral restricted diffusion (F3).
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Discussion

Tumefactive demyelination represents an aggressive form

of central nervous system demyelination and most com-

monly occurs due to multiple sclerosis. This case series

describes the acute and long-term prognostic features

associated with worse motor outcomes. Despite an aggres-

sive clinical presentation at the index attack, our findings

suggest a relatively milder long-term clinical motor out-

come and progression conversion in TD compared with a

Table 5. Features associated with EDSS score.

Characteristics

EDSS ≥4 at index

attack (n = 143)

EDSS <4 at the index

attack (n = 106) p-value

EDSS ≥4 at the last

follow-up (n = 76)

EDSS <4 at the

follow-up (n = 171) p-value

Gender

Female 82 (57%) 61 (57%) 0.9 46 (60%) 75 (44%) 0.5

Male 61 (43%) 45 (42%) 30 (39%) 96 (56%)

Mean age at the

onset � SD

38.4 � 16.6 38.7 � 14.3 0.7 41.9 � 15 36.8 � 15.6 0.02

Index attack as a first

demyelinating attack

93 (65%) 78 (75%) 0.09 54 (71%) 117 (70%) 0.8

First neurological symptoms at index attack

Motor 81 (57%) 35 (33%) <0.0001 49 (64%) 66 (38%) <0.0001

Sensory 49 (34%) 42 (40%) 0.4 26 (34%) 38 (22%) 0.51

Aphasia 32 (22%) 18 (17%) 0.3 15 (20%) 27 (16%) 0.66

Cerebellar 26 (18%) 16 (15%) 0.5 12 (16%) 4 (2%) 1.00

Brainstem 3 (2%) 6 (6%) 0.1 4 (5%) 20 (12%) 0.23

Visual field loss 18 (13%) 15 (14%) 0.7 13 (17%) 11 (6%) 0.24

Optic neuritis 9 (6%) 5 (5%) 0.6 3 (4%) 4 (2%) 0.43

Bladder/bowel/sexual 7 (5%) 1 (1%) 0.08 4 (5%) 4 (2%) 0.23

Myelitis 3 (2%) 2 (2%) 0.90 1 (1%) 4 (2%) 0.6

Encephalopathy 20 (14%) 2 (2%) <0.0001 8 (10%) 14 (8%) 0.55

Seizure 6 (4%) 10 (9%) 0.09 6 (8%) 11 (6%) 0.67

Positive oligoclonal band 51 (54%) 41 (53%) 0.82 31 (61%) 59 (50%) 0.21

Presence of MOG-IgG 7 (21 T) 3 (11%) 0.26 0 (0.0%) 12 (26%) 0.04

Focus of index lesion

Frontal 35 (46%) 15 (32%) 0.12 18 (46%) 33 (40%) 0.5

Parietal 26 (34%) 13 (28%) 0.45 12 (31%) 25 (30%) 0.9

Temporal 8 (10%) 4 (8%) 0.71 4 (10%) 8 (10%) 0.9

Occipital 6 (8%) 9 (19%) 0.06 3 (8%) 12 (14%) 0.3

Cerebellum 4 (5%) 5 (11%) 0.26 4 (10%) 5 (6%) 0.4

Brainstem 6 (8%) 1 (2%) 0.18 4 (10%) 3 (4%) 0.1

Type of lesion

Solitary lesion 27 (36%) 27 (57%) 0.4 19 (50%) 36 (43%) 0.2

Balo lesion 13 (17%) 8 (17%) 3 (8%) 17 (20%)

Multiple tumefactive

lesion

35 (47%) 12 (26%) 16 (42%) 30 (36%)

Presence of ADC

restriction

42/63 (67%) 15/33 (45%) 0.04 20/30 (67%) 36/66 (54%) 0.3

Barkhof criteria fulfilled 39/75 (52%) 18/45 (40%) 0.2 22/39 (56%) 34/81 (42%) 0.15

Index attack treatment

No treatment 17 (12%) 23 (22%) 0.03 5 (7%) 33 (19%) 0.01

Steroid 123 (86%) 81 (76%) 0.06 66 (87%) 137 (80%) 0.2

PLEX 42 (33%) 8 (7%) <0.001 31 (41%) 22 (13%) <0.001

IVIG 11 (7.7%) 0 (0%) <0.001 8 (10%) 3 (2%) <0.001

Disease-modifying

treatment (DMT)

Mild-to-moderate 67 (47%) 41 (39%) 0.1 36 (47%) 73 (43%) 0.5

High 34 (24%) 19 (18%) 0.2 24 (32%) 30 (17%) 0.01

ADC, apparent diffusion coefficient; DMT, disease-modifying treatment; EDSS, Expanded Disability Status Scale; MOGAD, myelin oligodendrocytes

glycoprotein antibody-associated disease; N, number; SD, standard deviation; TD, tumefactive demyelination; TMS, tumefactive multiple sclerosis.
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population based MS cohort.19 A monophasic course was

observed in a quarter of patients, and the majority devel-

oped RRMS. Over two thirds of patients remained fully

ambulatory (EDSS ≤4) after a mean follow-up of 6 years.

These favorable clinical outcomes are consistent with pre-

vious reports.3,10,21–24

Motor symptoms at index attack were associated with a

worse severity of index attack and worse long-term out-

comes. These findings may be partly explained by the fact

that the outcome assessed by EDSS is heavily biased

toward ambulation, particularly at higher EDSS. We have

previously demonstrated the efficacy of cyclophosphamide

for the treatment of tumefactive multiple sclerosis.18

However, appropriate selection of patients for cyclophos-

phamide use is challenging. The presence of features asso-

ciated with the poor long-term outcome should prompt

discussion of cyclophosphamide use or an alternative

induction therapy if the patient does not have a sufficient

clinical response to corticosteroids or plasma exchange.

ADC restriction on brain MRI was associated with

increased severity of the index attack. The etiology of the

restricted diffusion in these MS lesions is unknown, and

multiple hypotheses have been raised. First, the myelin

fragments and reduced fiber tract organization may

restrict water diffusion25; Second, based on immunopa-

thology studies of acute MS lesions, restricted diffusion

might reflect the activated microglia and oligodendrocyte

apoptosis before infiltration of blood-borne inflammatory

cells.26,27 Third, physical clustering of microglia and

release of excitotoxins lead to oligodendrocyte injury with

associated cytotoxic edema.28 Finally, proinflammatory

cascades in acute MS inflammation can result in cell

Figure 3. Follow-up EDSS stratified by disease duration. In patients with 5 or fewer years of follow up, there were no significant differences in

the median EDSS between the population-based MS cohort (MS) (median 2.8) and the cohorts of Tumefactive MS (TMS) (median 2.8, p = 0.9),

Tumefactive demyelination (TD) (median 3, p = 0.2), or myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) (median 2.5,

p = 0.7). In patients with more than five years of follow-up, there were no significant differences between the population-based MS cohort

(median EDSS 3) and TMS (median 2.5, p = 0.08) or TD (median 2, p = 0.07). When the TMS and TD groups were combined, the median EDSS

was lower in the TMS/TD combined group, when compared with the population-based MS cohort (2.5 vs. 3, p = 0.02). EDSS was significantly

lower in MOGAD group compared to population-based cohort (median 0 versus 3; p = 0.008).
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death through mitochondrial dysfunction and decreased

energy production. Since cell death is an irreversible pro-

cess and ADC restriction at the index attack was not asso-

ciated with the poor outcome at the last follow-up;

therefore, the first and the third hypothesis might explain

our observation in TD population.

Our data support prior reports from our center that

showed a slight female preponderance.3,10,29,30 The aver-

age age at TD onset in the present cohort was 38, similar

to previous reports and consistent with typical

MS.3,10,29,31 Older age at TD onset was associated with a

worse prognosis, similar to that seen in typical MS.32,33 In

our cohort, 69% presented with their first demyelinating

attack highlighting the diagnostic challenge at presenta-

tion. In addition to brain MRI, spinal fluid analysis, spi-

nal cord imaging, serum MOG and AQP4 antibody

testing, and if practical, OCT can be performed to aid in

clinical diagnosis. A trial of plasma exchange with a

short-interval MRI can also be considered, as non-

inflammatory etiologies, such as glial tumor or lym-

phoma, are not expected to respond to plasma exchange.

Ring-enhancing lesions on brain MRI with peripheral dif-

fusion restriction and rapid ADC pattern changes are

more common in TD than in tumors or abscesses.25

Brain FDG PET has also been proposed to discriminate

malignant lesions from inflammatory brain lesions.34 In

61%, TD onset was characterized by the involvement of

more than one functional system, with motor and sensory

predominance. Also, despite the typical symptoms and

signs of MS in the present series, atypical presentations,

including seizure, abulia, and aphasia, were observed. In

contrast, typical MS more frequently presents with the

involvement of a single functional system. This supports

previous reports showing the clinical presentation of TD

is often polysymptomatic given the size, location, and

potential mass effect of the lesion.3,10,22,29,35

Our results suggest most patients with TDL should be

considered a part of the MS spectrum with other inflam-

matory CNS demyelinating conditions, such as MOGAD

and NMOSD, representing a smaller subset. Despite the

early aggressive course in our cohort, its long-term course

was comparable to typical MS, and more than 70% of

patients remain fully ambulatory at 6 years. Motor and

encephalopathy symptoms at the index attack, ADC

restriction, and brainstem lesions were associated with

severe index attack. Younger age at onset, non-motor

clinical presentation, and MOG-IgG presence are favor-

able prognostic factors, consistent with prior studies.36,37

The main limitation of this study is its retrospective

nature. It is possible that some cases of MOGAD were

misclassified as MS, due to the lack of availability of

MOG-IgG testing. All cases were reviewed, and diagnosis

was confirmed based on the most recent diagnostic

criteria for each of multiple sclerosis, NMOSD and

MOGAD. NMO-IgG and MOG-IgG were tested retro-

spectively in all patients for whom had samples available.

MOGAD was the most likely to be misidentified due to

the recency of the availability of the clinical antibody test-

ing and the published criteria, however the MRI features

of tumefactive MOGAD appear quite distinct from tume-

factive MS. Although EDSS-assessed disability assessed

seems promising, the long-term cognitive outcome is

uncertain. The EDSS focuses on ambulation and may not

measure MS-related disabilities in the upper limb or cog-

nitive functions (e.g., executive function). Additionally,

changes on the EDSS are nonlinear and may not necessar-

ily relate to actual differences in patient-reported out-

comes. Future prospective studies are warranted to

highlight the best treatment approach with long-term

cognitive and disability assessments.
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